The relative ODC mRNA concentration, expressed as number of copies, was higher in tumor tissue than in nontumor tissue (1.41-fold) and showed great variability in both tissues. We observed that in six of nine cases (67%), tumor to nontumor ratios (T:NT) for ODC mRNA expression were Ͼ1 (mean T:NT ratio, 3.3) . Patients 3, 6 , and 7 (33%) showed the most markedly increased ratios ( Table 1) . Examination of our results, expressed as number of copies of ODC mRNA, showed a notable overlapping of the range of values obtained in the two tissues. For this reason, overexpression cannot be determined by comparing a tumor tissue value with the mean value of all the nontumor samples. However, the ODC mRNA T:NT ratio may be used to establish associations with other prognostic markers (e.g., tumor histology, sex, and age). For example, the two patients with the highest ratios (patients 3 and 6) presented several negative prognostic markers, including age, location of the lesion, metastasis, and plasma tumor markers (Table 1) .
Our results obtained with LightCycler technology, expressed as the T:NT ratio (3.35 Ϯ 3.84), were similar to data obtained by Yoshida et Moreover, the percentage of cases with a ratio Ͼ1 (67%) was also in keeping with the results reported by these authors, supporting that increased ODC mRNA may represent an important feature of the neoplastic state in the colon.
In conclusion, the real-time RT-PCR assay for ODC mRNA quantification using the PBGD housekeeping gene as an internal control is a fast and highly reproducible method that is suitable for analysis of small tissue samples. Its ease makes it applicable to large series of patient samples as a routine laboratory method. We believe that studies in larger series with the method described here could provide definitive results as to the role of ODC expression in colon neoplasm.
We thank Dr. Carmen Ricó s for suggestions regarding quality control of the method, Roche Diagnostics for technical support, and Celine Cavallo for linguistic advice. (2 ) , blood samples are collected, placed on ice, and mailed back to the central laboratory for processing via overnight or next-day mail service. Because economic constraints typically lead researchers to collect only one sample per study participant (3, 4 ) , it is important to determine the time frame within which markers remain stable and to optimize the methods for handling and processing the sample. Although many studies have examined marker stability after long-term storage, few studies have assessed the impact of transport conditions on whole blood not immediately processed.
Stability of Novel Plasma Markers Associated with
We selected a series of lipid and novel inflammatory markers whose concentrations have been shown or have been suspected to influence the risk of cardiovascular disease: C-reactive protein (CRP), fibrinogen, lipoprotein (a) [Lp(a)], apolipoprotein B (apoB), intracellular adhesion molecule-1 (ICAM-1), vascular cell adhesion molecule-1 (VCAM-1), p-selectin, von Willebrand factor (vWf), oxidized LDL (oxLDL), anti-cardiolipin antibodies (aCLAbs), tumor necrosis factor receptors I and II (TNF-RI and TNF-RII), and matrix metalloproteinase-1 (MMP-1) (5-13 ). The purpose of this study was to evaluate the stability of selected novel markers of cardiovascular disease under time and temperature conditions that simulated sample transport by mail for up to 36 h before processing.
We included 17 premenopausal women, 25-45 years of age, who had responded to a recruitment advertisement. Blood samples were collected from each woman into three 15-mL Vacutainers containing sodium heparin and placed on ice until processing. The time to processing was defined as the time from when the samples were first placed on ice until they were centrifuged to separate the plasma from the cells, aliquoted into 2-mL tubes, and finally stored in liquid nitrogen (Ϫ140°C) until analysis. One sample was processed immediately and defined as the baseline at 0 h. The second and third samples were Clinical Chemistry 48, No. 10, 2002 sealed in styrofoam packing materials with a cold pack, as was used in our main study. The second sample was processed 24 h later to simulate overnight mail service, and the third sample was processed 36 h later to simulate next-day mail service. One sample from each time point, from each individual, was then sent to the laboratory for analysis. This project was approved by the Institutional Review Board at the Harvard School of Public Health, and all participants gave informed consent for the blood.
All 13 biomarkers were assayed by the laboratory of Dr. Nader Rifai (The Children's Hospital, Boston, MA). apoB and fibrinogen were measured with immunoturbidimetric assays on the Hitachi 911 analyzer (Roche Diagnostics), using reagents and calibrators from Wako (Wako Chemicals USA) and Kamiya Biomedical Co., respectively. CRP and Lp(a) were measured spectrophotometrically on the Hitachi 911 analyzer (Roche Diagnostics), using reagents and calibrators from Denka Seiken. Soluble ICAM-1 and VCAM-1, p-selectin, TNF-RI, TNF-RII, and MMP-1 were measured with ELISAs from R&D Systems. aCLAbs were screened using an ELISA from Alpco (Alpco Diagnostics). oxLDL was measured with an ELISA from Mercodia (Alpco Diagnostics), and vWf was measured with an ELISA from American Diagnostica. All samples were thawed together and analyzed in a single analytical run to minimize the contribution of run-to-run variability. To ensure blinding of laboratory personnel, each sample was assigned a different identification number and placed randomly in the analysis batch with respect to the three different processing times.
All markers were log-transformed to improve normality. The distribution of each marker was expressed as the mean concentration and 95% confidence intervals derived from the SD of all women at each time point. The mean differences were calculated using the paired t-test. For the convenience of the reader, results were transformed back to the original scale, and geometric means, 95% confidence intervals, and differences are presented. The between-and within-person variances were calculated by ANOVA, accounting for repeated measures. We calculated intraclass correlation coefficients (ICCs) by dividing the between-person variance by the sum of the betweenand within-person variances (14 ) . ICCs provide the proportion of the total variance that can be explained by the between-person variance.
Shown in Table 1 are the mean and 95% confidence interval for each inflammatory marker at 0, 24, and 36 h and the mean differences over time for 0 -24 h and 0 -36 h. The mean values for CRP, apoB, oxLDL, ICAM-1, VCAM-1, TNF-RII, and aCLAbs were very stable and statistically consistent up to 36 h until processing. Lp(a) and fibrinogen showed some degradation after initial collection, whereas TNF-RI significantly increased with longer time to processing. The delay in processing also had significant effects on p-selectin, vWf, and MMP-1.
An ICC of 0.99 means that 99% of the variation is explained by between-subject variation and 1% is explained by within-subject variation. Therefore, a low within-subject variation would suggest minimal instability attributable to processing methods. An ICC Ͻ0.4 indicates poor reproducibility, 0.4 Ͻ ICC Ͻ 0.75 indicates fair to good reproducibility, and ICC Ͼ0.75 indicates excellent reproducibility (14 ) .
The majority of these biological markers had good to excellent reproducibility, with ICCs of 0.59 -0.99. The ICCs for CRP, Lp(a), and aCLAbs were all Ͼ0.9 for 0 -24 and 0 -36 h. Fig. 1 shows the stability of CRP between 0 and 24 h compared with 0 and 36 h. oxLDL, TNF-RI, apoB, TNF-RII, and ICAM-1 all had ICCs that were Ͼ0.75 for 0 -24 and 0 -36 h. VCAM-1 exhibited slightly lower reliability, with ICCs for 0 -24 and 0 -36 h of 0.59 and 0.61, respectively. Fibrinogen had low ICCs of 0.27 for 0 -24 and 0.48 for 0 -36 h. p-Selectin and MMP-1 had very poor ICCs of 0.14 and 0.16, respectively, at 0 -24 h. The 0 -36 h differences for p-selectin and MMP-1, and the 0 -24 h differences for vWf yielded negative ICCs, which demonstrates the instability of these markers when not processed immediately.
Few studies have examined time-to-processing conditions up to 36 h. The majority of our markers showed excellent stability and reproducibility when processed within 36 h of collection time and were not significantly different from samples processed immediately after venipuncture. In our study, fibrinogen concentrations did not change significantly up to 24 h, but had changed significantly by 36 h. Two extreme values likely had skewed these results because previous work had demonstrated somewhat more stability. Other groups have reported concentrations that did not vary significantly from baseline for at least 1 week in whole blood stored at 4°C (15 ) and changes of Ͻ10% after 7 days in plasma stored at 6°C (16 ) . An additional analysis that excluded those two outlier points improved our intraclass correlation to 0.51 for 0 -24 h and 0.53 for 0 -36 h. Nonetheless, despite improvements and attempts to standardize assays over time, intra-and interassay CVs for fibrinogen have remained high (17 ) . p-Selectin and vWf showed little stability from 0 to 24 to 36 h. At 4°C, platelets probably continue to produce selectin (18 ) and binding of vWf may be impaired (19 ) .
Our results for apoB showed no significant changes up to 36 h and were consistent with those reported previously. Hankinson et al. (4 ) demonstrated stability of apoB in blood chilled (ϳ9°C) up to 24 and 48 h until time to processing. Although long-term storage has been studied (20, 21 ) , the stability of Lp(a) in samples with a time to processing of up to 36 h has not been reported. We found that Lp(a) concentrations were stable up until 24 h from venipuncture, but less so when processing was delayed up to 36 h.
Although aCLAbs are influenced by storage and thawing procedures (22 ) , our study showed that aCLAbs are stable on ice for up to 36 h. Temperature dependence had been shown for ICAM-1 and VCAM-1 from frozen cells (23 ) . However, neither of those two markers in serum had been explored for time-to-processing stability. Although short-term processing stability had not been assessed for CRP, Kayaba et al. (24 ) examined 5-year intraindividual correlation for CRP and reported reasonable reliability. This suggests that CRP would be stable when plasma is stored at or below Ϫ80°C. To our knowledge, MMP-1, oxLDL, TNF-RI, and TNF-RII have not been studied for time-to-processing stability, temperature dependence, or long-term stability. MMP-1 showed more variation from 0 to 24 h than any other marker and would not be stable if kept on ice for 24 h. CRP, oxLDL, apoB, aCLAbs, TNF-RII, ICAM-1, and VCAM-1 would all remain stable if kept on ice for 36 h until processing. TNF-RI, Lp(a), and fibrinogen appear to be stable up to 24 h until processing, whereas p-selectin, vWf, and MMP-1 should be processed immediately. 
